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Metal Workers and Repairmen at Risk for 
Prostate Cancer: A  Review
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Department of Occupational Medicine, University of Nijmegen, Nijmegen,
The Netherlands
BACKGROUND. The objective is to summarize the results of studies of prostate cancer risk 
among metal workers, mechanics, and repairmen in order to evaluate the magnitude of risk 
and to investigate the role of specific work-related hazards in the development of this 
disease.
METHODS. Review of literature.
RESULTS. In most of the studies reviewed, a slight excess risk of prostate cancer incidence 
or mortality was observed among metal workers and repairmen. It is as yet unclear, how ­
ever, whether this excess risk is caused by particular occupational exposures or by risk 
factors in personal life style (e.g., dietary habits). Hardest evidence is found of a relationship 
to exist between the use of cutting oils or other metal-work liquids and prostate cancer risk. 
CONCLUSIONS. It would appear that metal workers, mechanics, and repairmen run a 
slightly elevated risk of prostate cancer. However, the actual risk factors are still unknown. 
Prostate 30:107-116, 1997. © 1997 Wiley-Liss, Inc.
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INTRO DUCTIO N
One of the possible side effects of occupational ex­
posure is cancer. The recognition of occupational can­
cer was initially based on sustained clinical observa­
tions and detailed descriptions of the work conditions 
of particular categories of workers. Sir Percival Pott 
reported in 1775 an exceptionally high incidence of 
scrotal cancer among chimney sweeps, for which he 
assumed contamination by soot to be the causal factor 
[1]. Another example is the description by Rehn in 
1895 of three cases of bladder cancer among 45 work­
ers in a factory of aniline dye stuffs [1]. These obser­
vations were possible because specific types of cancer 
were found in small clusters of workers exposed to 
high levels of specific substances. It is doubtful, how­
ever, whether small effects of occupational exposure 
to low levels of widely-used compounds will ever be 
identified by clinical observation alone. Well-de- 
signed epidemiological studies are necessary for the 
detection of risk groups and work-related risk factors 
in today's industry. Bearing in mind that each single 
study has its limitations, the results of numerous 
studies on cancer incidence and mortality will have to 
be reviewed thoroughly to evaluate the cancer risk
among certain categories of workers and to identify 
potential risk factors at the work site.
In this paper we summarize and discuss literature 
dealing with the relationship, if any, existing be­
tween metal, maintenance and repair work and the 
occurrence of prostate cancer. Workers in these 
trades seem to have a slightly elevated risk of prostate 
cancer [2].
MATERIALS A N D  M ETH O D S
The literature was searched to find studies provid­
ing data on the prostate cancer risk for the categories 
mentioned. The rate ratios (RRs) estimated for the 
prostate cancer risk of metal workers found in case- 
control studies and cohort or cancer registry-based 
studies are summarized in Table I; those of mechanics 
and repairmen in Table II. To avoid "publication b ias" 
resulting from selective reporting of positive findings,
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only case-control studies were selected for Tables I and 
II in which both positive and negative odds ratios 
(ORs) are presented for several occupations, while 
only those cohort studies and death certificate studies 
were selected which provide risk estimates for several 
cancer sites, elevated as well as decreased. RRs are 
recorded only when they were calculated for at least 
five cases. If updates of a particular study are pub­
lished, only the RR found in the most recent update 
is included. For standardized incidence/mortality ra­
tios (SIRs, SMRs) and for proportionate incidence/ 
mortality ratios (PIRs, PMRs) reported without con­
fidence intervals (Cl), we calculated 95% CIs by short­
cut methods [3,4]. To improve the accuracy, the 
formula (^ /(Obs -b 1) -f l)2 is used as an approximation 
of the upper confidence limit, instead of (^ /Obs + l)2, 
as proposed by Ulm [5]. Study results concerning par­
ticular work-related exposures are summarized in Ta­
ble IIL
RESULTS
Risk Estimates
The occurrence of prostate cancer appears to be 
associated with metal work and with mechanical and 
repair work in several of the studies summarized in 
Tables I and II. We found 23 estimates of prostate 
cancer incidence among various categories of metal 
workers in recent literature [Table I; 2,6-23]. Seven of 
these RRs are about one. Three studies show negative 
results. Thirteen RRs are greater than 1; two of them 
are (borderline) statistically significant. We also found 
30 RRs in mortality studies among metal workers [Ta­
ble I; 19,22,24-46]. Twenty of these RRs are greater 
than 1, with one statistically significant finding. In 
addition, Costanino et al. [45] observed a statistically 
significant excess death from prostate cancer for 
white and nonwhite workers put together. No con­
sistent patterns could be detected in the RRs esti­
mated for specific categories of metal workers: posi­
tive as well as negative RRs are reported for all 
occupational groups mentioned. Most of the positive 
RRs are rather small.
For mechanics, repairmen, and machine operators 
13 RRs were found in incidence studies [Table II; 
2,14,15,20,21,48,49]. Ten of these RRs appear to be 
positive; three of them are (borderline) statistically 
significant. We found 14 RRs in mortality studies [Ta­
ble II; 28,35,48,50-56]. Nine of them are greater than 
1; in two studies the excess mortality due to prostate 
cancer is statistically significant. Again, most of the 
positive RRs are small and the figures regarding spe­
cific categories of workers do not show a clear pattern 
either. An exception is the finding of significantly el­
evated RRs in both studies among machine operators 
[14,15].
Besides the RRs recorded in Tables I and II, some 
risk estimates were found in papers reporting only 
positive results. Elevated risks were reported for 
blacksmiths [57], plumbers [58], welders [58], me­
chanics and repairmen [57,59,60], machinists [57], 
machine operators [60,61], and workers in the basic 
metal industry [57,62]. Some of these positive associ­
ations are statistically significant. Blair and Fraumeni 
[63] observed a positive association to exist between 
prostate cancer mortality and the production of pri­
mary and fabricated metal products and of machin­
ery.
Age and Race
Blair [37] and Delzell et al, [55] found higher RRs 
for prostate carcinoma for metal workers older than 
65 years of age than for younger ones. None of the 
other reviewed studies provide data regarding a po­
tential influence of age on the prostate cancer risk of 
metal workers.
No substantial difference was found between the 
RRs calculated for white and for nonwhite workers in 
an automobile manufacturing company [55]. Egan- 
Baum et al. [30], Andjelkovich et al. [24], and Rotimi 
et al. [38], however, found higher RRs for prostate 
cancer among black foundry workers than among 
their white colleagues. In contrast Costanino et al. 
[45] observed greater excess risks among white coke 
oven workers than for the nonwhite workers. In none 
of the other studies was attention paid to racial influ­
ences. In short, there are yet too few data of this 
nature to draw clear conclusions from.
Intensity and Duration of Exposure
Several authors tried to find a dose-response rela­
tionship between occupational exposure and prostate 
cancer risk. Milham [46] compared the SMRs calcu­
lated for exposed and nonexposed aluminum reduc­
tion workers and found a higher risk for the exposed 
category. Cocco et al. [64] found a higher risk for 
underground lead and zinc miners than for those 
who held a job in an above-ground workplace.
Delzell et al. [55] found a positive correlation to be 
present between prostate cancer risk and the length of 
employment of black automobile workers but they 
were unable to find such a relationship for white 
workers. No obvious correlation was found with the 
length of employment in ferrochromium and ferrosil- 
icon plants [13,17,19], in an automobile engine plant 
[51], or at a copper smelter [34]. A negative associa­
tion with the duration of employment was observed 
among workers employed in an aluminum smelter
TABLE I. Risk of Prostate Cancer Incidence and Mortality Among Metal Workers From Various Countries
Country (occupation)3 No. of cases RR Specified measure 95% Cl Reference
Incidence studies
USA, California (we) 12 0.68 PIR 0.34-1.20 6
Canada, British Columbia (al) 17 0.76 SIR 0.44-1.23 7
Norway (al) 66 0.86 SIR 0.69-1.10 8
Denmark (mm) 427 0.97 PIR 0.88-1.0 7 9
Norway (al) 35 0.98 SIR 0.68-1.37 10
Finland (sr) 48 0.98 SIR 0.72-1.29 11
Denmark (f) 50 0.99 SIR 0.74-1.31 12
Norway (nf) 125 0.99 SIR 0.75-1.31 13
USA, Missouri (p) 20 1.0 OR 0.6-1.7 14
USA, Utah (w) 37 1.0 OR 0.7-1.5 15
USA, North Carolina (mw) 7 1.15 OR 0.38-3.45 16
Norway (nf) 32 1.13 SIR 0.77-1.61 17
Norway (nf) 20 1.2 SIR 0.7-1.8 18
Sweden (nf) 23 1.20 SIR 0.75-1.82 19
USA (mw) 12 1.20 OR 20
Finland (ms) 39 1.26 SIR 0.90-1.73 11
Denmark (bm) 36 1.23 PIR 0.89-1.71 9
The Netherlands (mw) 22 1.33 OR 0.80-2.20 21
Scandinavia (we) 36 1.46 SIR 1.02-1.68 22
Sweden (mw) 12 1.5 PIR 0.76-2.65 23
USA, Missouri (td) 9 1.8 OR 0.8-4.2 14
USA, Missouri (bm) 11 2.5 OR 1.1-5.7 14
The Netherlands (mw) 5 2.07 OR 0.45-9.46 2
Mortality Studies 
USA, Michigan (f/w) 5 0.42 SMR 0.13-0.97 24
UK (bm) 22 0.70 SMR 0*43— 1.07 25
Italy (sr) 13 0.71 RR 0.37-1.23 26
USA (f) 5 0.76 SMR 0.23-1.81 27
Europe (we) 10 0.77 SMR 0.37-1.42 22
USA, Texas (p) 13 0.82 SMR 0.44-1.41 28
France (al) 9 0.87 SMR 0.31-1.45 29
USA (f/w) 47 0.88 PMR 0.64-1.23 30
USA, Connecticut (bm) 10 0.92 PMR 0.50-1.69 31
USA (bm) 29 1.00 SMR 0.70-1.43 32
USA, California (p) 107 1.03 PMR 0.85-1.24 33
USA, Washington, DC (cs) 28 1.09 SMR 0.72-1.59 34
USA (f/nw) 10 1.10 PMR 0.52-2.06 30
USA (p) 12 1.10 SMR 0.56-1.95 35
USA (mw) 32 1.10 SMR 0.74-1.56 36
USA (pp) 19 1.11 PMR 0.66-1.75 37
USA (f/w) 33 1.12 SMR 0.77-1.58 38
USA (p) 57 1.17 PMR 0.84-1.52 39
USA, Maryland (bm) 8 1.18 PMR 0.49-2.36 40
Sweden (nf) 12 1.18 SMR 0.60-2.09 19
USA (mm) 5 1.2 SMR 0.4-2.8 41
USA (bm) 10 1.35 SMR 0.63-2.52 42
USA, California (mo) 5 1.39 PMR 0.42-3,31 43
USA, Washing ton, DC (mo) 14 1.45 PMR 0.72-2.28 44
USA, Michigan (f/nw) 22 1.47 SMR 0.92-2.23 24
USA, Pennsylvania (co/nw) 39 1.47 RR 0.93-2.37 45
USA, Washington (al) 8 1.62 SMR 0.67-3.24 46
USA (f/nw) 15 1.75 SMR 0.98-2.88 38
USA, Pennsylvania (co/w) 19 1.77 RR 0.96-3.26 45
Japan 37 3.19 RR 1.39-7.30 47
a al = aluminum reduction workers; bm — workers in basic metal industry; co = coke oven workers; cs = copper smelters; f = foundry 
workers; mm = workers in manufacture of metal products; mw = metal workers (miscellaneous); ms = machine shop workers; nf = 
workers in nonferrous metal industry; nw = nonwhite men; p = plumbers; pp = polishers and platers; sr — shipbuilders and repairmen; 
td = tool and die makers; we = welders; w = white men.
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m
TABLE II. Risk of Prostate Cancer Incidence and Mortality Among Mechanics, Repairmen, and Machine Operators
From Various Countries
Country (occupation)3 No. of cases RR Specified measure 95% Cl Reference
Incidence studies
USA, Utah (m,r) 21 0.9 OR 0.6-1.6 15
Sweden (ar) 15 0.96 SIR 0.54-1.58 48
Denmark (ar) 10 1.13 PIR 0.61-2.10 9
The Netherlands (m,r) 11 1.20 OR 0.60-2.39 21
USA, Missouri (ar) 17 1.3 OR 0.7-2.3 14
USA, Missouri (am) 30 1.3 OR 0.9-2.1 14
USA (ma) 8 1.31 OR 20
The Netherlands (m,r) 5 1.46 OR 0.46-4.67 2
USA, Missouri (a) 20 1.5 OR 0.9-2.8 14
Iceland (ma,me) 5 1.57 SIR 0.51-3.66 49
USA, Missouri (m,r) 23 1.6 OR 1.0-2.6 14
USA, Utah (mo) 33 1.6 OR 1.0-2.5 15
USA, Missouri (mo) 
ortality studies
5 4.7 OR 1.1-20.0 14
USA (m,r) 9 0.66 SMR 0.29-1.27 35
USA, Texas (m) 36 0.87 SMR 0,61-1,20 28
USA, California (a) 25 0.93 SMR 0.60-1.37 50
USA, New Hampshire (ar) 8 0.95 PMR 0.48-1.87 51
USA (ma) 18 0.97 SMR 0.57-1.54 35
USA (ar) 16 1.05 SMR 0.59-1.73 35
USA, New York (am) 7 1.06 PMR 0.41-2.22 52
USA (am) 65 1.18 PMR 0.92-1.54 53
Sweden (ar) 6 1.19 SMR 0.44-2.59 48
UK (m) 11 1.23 SMR 0.60-2.23 54
USA (am/w) 112 1.24 SMR 1.02-1.50 55
Italy (a) 10 1.36 SMR 0.65-2.51 56
USA (am/nw) 71 1.36 SMR 1.06-1.72 55
USA (me) 21 1.39 SMR 0.85-2.14 35
aa «= aircraft manufacturing; am = automobile manufacturing; ar = automobile mechanics and repairers; m = mechanics; ma = machinists; 
me = mechanical engineers; mo = machine operators; r = repairers; nw — nonwhites; w -  whites.
[10]. It has to be stressed that most of these analyses 
were based on rather small numbers of workers. 
None of the reviewed studies offered data quantify­
ing occupational exposure over and above the num­
bers of years which the study subjects spent in their 
particular jobs.
Specific Exposures
Metal workers are exposed not only to miscella­
neous types of metals and metallic compounds, but 
also to a wide variety of chemicals, e.g., solvents, 
paints, lubricants, cutting oils, abrasives. Some work­
ers, particularly in shipyards, had been at risk of ex­
posure to asbestos in the past. Others are exposed to 
exhaust fumes, benzo(a)pyrene, and other polycyclic 
aromatic hydrocarbons. In several studies attention 
was paid to potential risk factors in metal work. The 
results concerning some specific exposures are sum­
marized in Table III [2,15,16,21,65-72].
In one study a statistically nonsignificant positive
relationship was found between both autogenous 
and electric welding and prostate cancer incidence 
[21]. In two other studies no association was ob­
served, while in a fourth study a negative association 
was found (Table III). Despite these conflicting re­
sults, welding might be expected to be a risky activ­
ity. Welders are exposed to welding fumes, com­
monly containing oxides of iron, zinc, copper, and/or 
lead, and various other pollutants [36,73]. In the case 
of welding of stainless steel, the fumes also contain 
potential carcinogenic nickel and chromium deriva­
tives [22].
A statistically nonsignificant positive relationship 
between the use of zinc and prostate cancer risk was 
found in two studies [15,66]. No obvious relationship 
was found between the use of other metals and can­
cer of the prostate (Table III). So far, the literature 
provides too little information for firm conclusions 
about the relation between the use of specific metals 
or metallic compounds and prostate cancer risk.
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TABLE III* Relationship Between Various Work-Related Exposures and Prostate Cancer Risk
No. of Incidence (I) Prostate 
exposed or mortality cancer
Country Category of workers casesa (M) study riskb Reference
Welding fumes
Canada Farmers (324) I — 65
USA, N. Carolina Male population 6 I 0 16
The Netherlands Male population (109) I 0 2
The Netherlands Metal workersc 18 I ( + ) 21
The Netherlands Metal workersd 20 I ( + ) 21
Metals
The Netherlands Male population® (109) I 0 2
USA, North Carolina Male populationf 6 I 0 16
USA, Utah Male population8 33 I 0 15
The Netherlands Metal workers5 12 I 0 21
The Netherlands Metal workersh 20 I 0 21
Hawaii Male population1 8 I (+ ) 66
The Netherlands Metal workersf 32 I (+ ) 21
USA, Utah Male population1 16 I ( + ) 15
Paints
The Netherlands Metal workers 14 I 0 21
The Netherlands Farmers 24 I 0 21
Hawaii Male population 31 I 0 66
USA, Utah Male population 34 I 0 15
The Netherlands Male population (109) I 0 2
Solvents
Canada Farmers (324) I — 65
USA, Massachusetts Transformer-assembly workers (58) M 0 67
The Netherlands Male population (109) I 0 2
USA, North Carolina Male population 5 I ( + ) 16
The Netherlands Metal workers 21 I ( + ) 21
Canada Male population 100 I + 68
Cutting oils
USA, Massachusetts Transformer-assembly workers (58) M 0 67
Sweden Metal workers 6 I 69
USA Metal workers 6 M 0 70
The Netherlands Metal workers 18 I ( + ) 21
Canada Male population 47 I + 68
USA, Michigan Automobile workers 84 M H- 71
Mineral oils
Norway Cable workers 5 I ( - ) 72
Canada Male population 22 I + 68
Heating oil
Canada Male population 26 I + 68
Hydraulic fluids
Canada Male population 24 I 68
Lubricating oils
The Netherlands Male population (109) I 0 2
Canada Male population 166 I 68
Acids
The Netherlands Metal workers 22 1 (+ ) 21
a(N) = Number of all prostate cancer cases; the number of exposed cases is unknown.
b-  = negative; 0 = note; 4- = positive; (—) or ( + ) = statistically nonsignificant association.
cAutogeneous welding.
dElectric welding.
aUnspecified.
iron or steel.
&Lead. 
h Aluminum.
'Zinc.
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Exposure to dyes, pigments, metallic compounds, 
and solvents is a potential risk factor for workers us­
ing paints. Several industrial solvents and some other 
compounds used in paints possess mutagenic or car­
cinogenic potential [74]. An exceptionally high rate of 
chromosomal aberrations was found in painters, sug­
gesting that exposure to paints or to solvents may 
have genotoxic effects [74]. In none of the studies 
summarized in Table III was a relationship detected 
between occupational contact with paints and pros­
tate cancer risk. However, in some epidemiological 
studies among (spray) painters or workers in paint 
and varnish manufacturing, a statistically significant 
[14,59] or nonsignificant elevated occurrence of pros­
tate cancer [5,16,53,75] was reported. In other studies 
among painters, however, no relationship with pros­
tate cancer was found [6,20,76-81]. As yet, there is 
little evidence that a protracted use of paints in one 
way of another constitutes a serious risk factor for 
inducing prostate cancer. It has to be borne in mind, 
however, that most of the studies mentioned were 
based on small number of workers.
Siemiatycki et al. [68] found a statistically signifi­
cant association between exposure to mineral spirits 
(a term used for petroleum-derived solvent mixtures) 
and prostate cancer risk, but no consistent dose-re- 
sponse relationship could be demonstrated. In two 
studies, a nonsignificant association was observed 
between the use of solvents and prostate cancer. 
However, this association did not feature in any other 
study (Table III). Large numbers of metal workers are 
exposed to metal-work liquids and abrasives of vari­
ous compositions. Terms like "cutting fluid/' “ma­
chining fluid/' "heating oil/' "lubricating oil," or 
"hydraulic fluid" are definitely not a specific chemi­
cal concept but describe a technical function or appli­
cation. The agents concerned might contain polyaro- 
matic hydrocarbons, nitrosamines, sulfur-containing 
compounds or certain metals, and various additives 
like biocides, corrosion inhibitors, lubricants, and 
chemical stabilizers [31,32,71]. Some are based on 
mineral oils, others on alkaline aqueous solutions of 
compounds such as ethanolamines [71]. From the lat­
ter compounds, the formation of nitrosamines might 
be expected. In various of the studies summarized in 
Table III, a positive association was found between 
exposure to metal-work liquids and prostate cancer 
risk. No consistent dose-response relationship was 
found between exposure to lubricating oils and pros­
tate cancer [68].
DISCUSSION
A substantial number of the reviewed studies 
show slightly increased incidence or mortality figures
for metal workers, mechanics, and repairmen. As­
suming that this excess risk is really related to expo­
sure to specific agents in metal and mechanical work, 
it is not surprising that the literature shows inconsis­
tent results to some extent. Metal workers do not 
form a homogeneous category. Occupational expo­
sures vary from subcategory to subcategory, leading 
to differences in the nature and intensity of exposure 
and thus to differences in cancer risk. When only 
particular subcategories of workers are actually at 
risk, their excess cancer risk may be masked in the RR 
estimated for a broad category, covering workers 
both with and without an elevated risk. This might be 
the case in the study of Tola et al. [11], who observed 
only a slightly elevated prostate cancer incidence 
among machine shop workers (platers, machinists, 
welders, and pipefitters). However, when investigat­
ing the incidence by occupation, a statistically signif­
icant excess of prostate cancer was found for welders. 
In the same way Axelsson et al. [19] found a higher 
incidence of and mortality from prostate cancer 
among maintenance workers than among all catego­
ries of ferrochromium workers put together.
Bias from other sources may have hampered a 
proper risk estimation as well. A limitation of some of 
the cohort studies may be that the mean age of the 
workers was still too low or that the follow-up time or 
the period of employment was too short to detect an 
excess risk for prostate cancer. Delzell et al. [55], for 
instance, found statistically significant elevated RRs 
for retired men who had worked in motor vehicle 
manufacturing, while the RRs calculated for active 
workers (younger than 60 years old on average) were 
close to unity. Failures in the coding of diagnosis or 
occupation on death certificates or underregistration 
of incident cases in cancer registries may also have 
led to inaccurate study results. Most probably, the 
misclassification of diagnosis or of exposure owing to 
the inaccuracies mentioned above is nondifferential 
in nature (i.e., independent of the relationship under 
study) [82], resulting in an underestimation of effect.
An excess risk of cancer found for a particular 
group of workers may be the result of occupational 
exposure, but also of aspects of a specific life-style 
associated with the occupation(s) under study. For 
instance, smoking or drinking habits may be of influ­
ence. In most of the studies reviewed, however, data 
on smoking histories and alcohol consumption were 
not available. There is no good reason to believe that 
this should be an important limitation since it would 
appear that neither smoking nor the consumption of 
alcoholic drinks seriously influence prostate cancer 
risk anyway [83,84]. No substantial differences were 
found between the RR estimated for prostate cancer 
mortality among metal workers who were in the habit
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of smoking and the RR for their colleagues who were 
not [35]. Moreover, the smoking habits of metal 
workers were found to be comparable with those of 
other men [10,21] or with those of other blue-collar 
and service workers [85]. It is unknown whether the 
dietary habits of metal workers differ substantially 
from those of other men. If so, this might be of in­
fluence since it is suspected that dietary factors con­
tribute significantly to the occurrence of prostate can­
cer [86,87]. Perhaps physical exertion (at work and 
during leisure time) is associated with prostate cancer 
risk, but study results dealing with this factor are 
conflicting [66,88]. So far the role of other life-style- 
related factors is largely unclear. However, the main 
conclusion of studies on the influence of socioeco­
nomic status (SES)—a term referring to differences in 
life-style, income, educational and occupational 
level—is that there are no consistent differences in 
prostate cancer risk in relation to SES [89-91].
Another explanation for differences in prostate 
cancer incidence or mortality might be that the detec­
tion rate for metal workers is not the same as for men 
who held other occupations. To control for possible 
effects of differences in medical screening, two stud­
ies compared the RRs computed when using all inci­
dent cases in the analysis, with the RRs calculated 
when only cases with aggressive [15] or clinically ap­
parent tumors [92] were used. The results of both 
analyses were quite similar.
It is not easy to give a proper interpretation of the 
findings concerning potential risk factors in metal 
work summarized in Table III. Accurate assessment of 
occupational exposure in metal and maintenance 
work is very difficult. Actual exposure differs both in 
type and intensity from one workplace to another and 
a substantial variation of exposure over time is likely. 
Ventilation of the workplace and the use of personal 
protective equipment during exposure to chemicals 
affect the actual doses absorbed, but data about these 
aspects are not available. In addition, the composition 
and the names of metal-work liquids and of other 
chemicals used might have changed. Most workers 
change their jobs during their career. Job rotation dur­
ing one employment is the rule rather than the ex­
ception. The opportunities to misclassify exposure 
status are therefore considerable. Probably, this mis- 
classification is mainly nondifferential, leading to an 
underestimation of cancer risk. Assessment of expo­
sure to broad categories of chemicals (e.g., cutting 
fluids) may also have led to false negative results, 
assuming that only a part of the compounds in a par­
ticular category were actual carcinogens. An addi­
tional limitation of most of the reviewed studies is that 
the periods and the intensities of specific exposures 
are unknown. Proper evaluation of the dose-response
relationship with regard to duration and intensity of 
exposure, preferably investigated for different "time 
windows" [1,93], was therefore impossible. Another 
difficulty is that most studies of occupational cancer 
risk are based on relatively small numbers of cases. 
This hampered optimal statistical analyses, including 
adjustment for age and other potential confounders. 
Bearing in mind these limitations, it is not surprising 
that the study results do sometimes conflict.
In a substantial part of the studies on the relation­
ship between exposure to various metal-work liquids 
and prostate cancer risk, positive associations were 
found. Further research on this relationship is there­
fore recommended. This review does not indicate ex­
posure to welding fumes or use of specific metals to 
be strong risk factors. However, on the basis of evi­
dence so far they cannot be ruled out as possible in­
ductors or promotors of prostate cancer.
CONCLUSIONS
In summary, it can be concluded from the litera­
ture that (particular groups of) metal workers and 
maintenance men seem to display a slightly elevated 
tendency towards prostate cancer. However, it is still 
uncertain whether this tendency is the result of spe­
cific work-related exposures or of particular factors in 
life-style.
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